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SOYBEANS AND SOY 
PROTEINS 


The soybean is one of the oldest crops 
grown by man. Its first mention dates back 
beyond 2000 B.C. in ancient Chinese rec- 
ords. This bean is often given credit for 
the survival of China as a nation, where 
for generations it was almost the sole 
source of life-sustaining protein. 

Back in 1804 the soybean was introduced 
to the United States, but it remained 
nothing more than a laboratory curiosity 
until 1924. That year some 5 million 
bushels were produced. Now over a billion 
bushels are produced each year. This 
growth has been so dramatic that soybeans 
are called agriculture’s miracle crop, rank- 
ing third only to wheat and corn. As a cash 
crop for farmers it ranks second. 

What makes this crop unique and why 
has it become so important? First, it con- 
tains a valuable source of vegetable oil 
(20°%) that is used to produce cooking oils, 
shortening, margarine and in many other 
industrial uses such as paints and plastics. 

Secondly, it yields the highest natural 
source of protein (44°%), more than any 
other commercial agricultural crop. 

In this unit we have included seeds of 
the soybean and three edible products 
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made from soybeans. First identify your 
specimens. 

SOYBEAN SEEDS—Large yellowish 
seeds. 

DEFATTED SOY FLOUR—Cream- 
colored powdery- substance. 

SOY PROTEIN CONCENTRATE— 
Granular, tan colored. 

TEXTURED SOY FLOUR—Flaky ma- 
terial. 

POLYETHYLENE BAG—Enmpty; for 
germinating seeds. 

PRODUCT CHART—Shows uses of 
soybeans. 

The soybean seeds and the soy products 
were contributed by the Swift Chemical 
Company, Oak Brook, Illinois, a Division 
of Swift and Company. 


THE SEED 


There are many varieties of soybean, 
the strains and types running into the 
hundreds. The seed in your unit is yellow 
in color, but soybean seeds may also be 
green, brown or black or a combination 
of these colors depending upon the 
species. 

The botanical name for soybean is 
Glycine max (L.) and the plant belongs 
to the family Leguminosae, or the bean 
family. 


Most normal mature seeds consist of 
three basic parts: the seedcoat, the embryo 
and one or more structures for food stor- 
age. The soybean seed is quite different 
because it contains only two parts: the 
seedcoat and food storage structures called 
cotyledons, which in a soybean are part 
of the embryo. These cotyledons account 
for most of the weight of the seed and 
contain almost all the oil and protein 
found in the soybean. The cotyledons 
supply food to the seedling plant during 
germination and early growth, they con- 
tain enough food for about two weeks. 

The seedcoat acts as a protective shield 
against fungi and bacteria both before and 
after planting. Should this coating become 
cracked, the seed will have little chance 
in becoming a healthy seedling. 

Experiment 1. Examine your soybean 
seeds. Note the slightly darker, oval- 
shaped area on one side of the seed. This 
is the hilum, the scar at the point of 
attachment of the seed (Fig. la). 


Experiment 2. Feel the smooth surface 
of the seed. The hard smooth outer surface 
is the seedcoat enclosing the cotyledons. 

Soak one of your seeds in water for sev- 
eral hours, then remove the seedcoat which 
should slip off easily. The inner part of the 
seed will separate into its two cotyledons. 


4 


hilum 


cotyledon 


radicle 
hypocotyl 
epicotyl 
seedcoat 
cotyledon 





Fig. 1 


Look closely near the hilum on the 
inner surface of the cotyledons. Can you 
find the irregularly shaped embryo (Fig. 
1b)? A magnifying glass will be helpful 
in locating the embryo. 

The embryo has three parts: the radicle, 
the hypocotyl and the epicotyl (Fig. 1b). 
The radicle becomes the primary root, the 
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epicotyl becomes the main stem and the 
hypocotyl lifts the cotyledons above the 
soil surface. These three parts are not 
easily identified except under a micro- 
scope. 

If you have a microscope, examine the 
embryo and see if you can identify the 
three parts. 


THE PLANT 


Experiment 3. Before you plant your 
seeds, make a chart to follow the germina- 
tion and growth of your soybean plant, 
noting when the following appear: 


Date 
Seed planted 
Radicle penetrates seedcoat 
Lateral root appearance 
Root hairs develop 
Root nodules appear 
Hypocotyl and cotyledons break surface 
First one-bladed leaves appear 
First appearance of three-leaf blades 
Plant turns green 
Cotyledons drop off 
First appearance of flowers 
First pod formation 
Loss of green pigment 
All leaves are yellow 


Picking dried pods 
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Experiment 4. The growth of the soy- 
bean seedling through its first steps can 
best be observed by doing the following 
experiment. 

Fold a paper towel to the size of the 
empty polyethylene bag in your unit and 
place it inside the bag, or cut some absorb- 
ent cotton to fit exactly into the bag. Add 
water to the bag sufficient to completely 
dampen the paper towel or cotton, leaving 
about one-quarter inch of excess water at 
the bottom of the bag. Maintain the water 
level throughout the experiment. 

Place two seeds about three inches apart 
on the paper or cotton inside the bag and 
you will be able to see the development of 
the plant through the transparent bag. 
Put the bag flat on a piece of cardboard 
placed at a slight angle in a large glass or 
bowl for support in a warm dark area 


(Fig. 2). 


The Root. 


Within a few days, you will see the first 
signs of a root emerging from the seed. 
This is the radicle or primary root. It is 
the first to penetrate the seedcoat acting 
much like an anchor to provide leverage to 
the new seedling as it forces its way to the 
surface. 


Observe the root from day to day. Soon 
after the radicle begins to elongate, lateral 
roots are formed. Watch for them. Within 
four to five days, you will see fine root 
hairs beginning to appear on the radicle. 
These hairs are the main absorbing sur- 
face of the root system. 


polyethylene bag soybean 


paper towel 





Fig. 2 


Experiment 5. Plant your remaining 
seeds. They may be planted at any time 
indoors. Outdoors, plant them from late 
May to early June. The seeds should be 
planted at a depth of not more than two 
inches. Use soil from an outside garden 
or field and do not tightly compact the 
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soil on your seeds. Space your seeds about 
three inches apart indoors and from five 
to six inches apart outside. During germi- 
nation a good supply of soil moisture must 
be maintained. The soybean must reach a 
moisture content of 50°% before it will 
germinate, as compared to a 30° level for 
seed corn. 


The health and strength of a plant de- 
pends primarily upon its root system 
through which it receives its water and 
nutrients. The roots of a soybean plant 
are very long and may extend five feet 
or more into the ground. In addition to 
these functions, the roots of the soybean 
and other legumes perform another im- 
portant service. Most cultivated plants re- 
quire fertilizer to supply the nitrogen 
necessary for growth. Soybeans, however, 
have a symbiotic system by which they 
are able to use nitrogen from the air. 


About a week to 10 days after you have 
planted your seeds, examine the roots of 
one of your plants. Do you see small 
nodules on them? These nodules contain 
bacteria from the soil that convert atmos- 
pheric nitrogen to forms that can be used 
by the soybean plant. The first nodules 
appear within a week after the seedling 
emerges. Two weeks later, the nodule bac- 
teria are able to supply the plant’s full 
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requirements for nitrogen. 

During the two-week period, the leaves 
of the plant may become yellow and then 
turn suddenly green as the necessary nitro- 
gen is supplied. 

Watch your growing plant carefully to 
see if you can detect any yellowing of the 
leaves. 

Cut one of the nodules open and note 
the pink color indicating an active nodule. 


The Leaves. 

Experiment 6. After the radicle emer- 
ges the hypocotyl begins to elongate, form- 
ing an arch as it pushes up through the 
soil. 

Observe this process in the seeds planted 
in the soil. When the arch breaks the sur- 
face, it pulls the cotyledons upward. Do 
you see them? 

The uppermost cells of the cotyledons 
stop growing, but those on the underside 
continue to grow until they straighten out 
the arch, lifting the cotyledons into an 
upright position and exposing the epicotyl. 

From this epicotyl expand the leaves. 
Examine the first two leaves carefully. 
Note that they are only one-bladed. 

Observe the other leaves as they emerge. 
The leaves that follow are all three-leaf 
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blades. As chlorophyll is developed, the 
young plant turns green and the cotyledons 
drop off after the seedling is capable of 
supporting itself. 


Vegetative Stage. 

The next stage of the plant is called 
Vegetative, from emergence to the ap- 
pearance of the first flower usually takes 
six to eight weeks. 

The soybean plant is extremely light 
sensitive and most varieties begin flower- 
ing soon after the day length begins to 
shorten. If the days are long enough, soy- 
beans will remain vegetative almost in- 
definitely. If the days are short, the plants 
will flower within a few weeks. 

Experiment 7. Can you devise experi- 
ments to show the effect of the length of 
days on flowering? 

Note: As the plant begins to grow, you 
will want to put up several poles and wire 
or string to enable the stems to be sup- 
ported. 


Flowering. 

Experiment 8. Watch for the flowers 
as the days become shorter. 

Flowers are produced where leaf petioles 
join the main stem. This junction is 
called an axil. A flower branch at the 
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axil is called a raceme. For soybeans the 
flowering period is unusually long—any- 
where from 3 to 6 weeks depending on 
moisture and temperature from first to last 
flowers. 

This soybean flower is only six to seven 
millimeters long and is self-pollinated. The 
plant does not form a seed pod for each 
flower it sets. Usually 75°% of the flowers 
produced fall to the ground. 

The ability to produce more flowers 
than pods, and do this over an extended 
period of time, makes the soybean less 
susceptible than some other crops, such as 
corn, to short periods of bad weather dur- 
ing flowering. 


Seed Formation. 


There is no sharp transition from flow- 
ering to pod and seed formation, it would 
not be unusual to see all these stages 
taking place at the same time, but on 
different parts of the plant. The first pods 
appear two weeks after the first flowers 
appear. Pod setting will be complete in 
three weeks. For the next 30-40 days dry 
matter accumulates in the seed at a rapid 
and constant rate. 

The seed filling period 1s the most cri- 
tical time in the life of the soybean plant. 
Yields can be substantially affected if any- 
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thing interferes with plant function dur- 
ing this time. 

Experiment 9. While the pods are still 
plump and green and before they start 
to turn yellow, pick some for cooking. 
Since the beans start to lose their flaver 
almost immediately after they are picked, 
they should be gathered within an hour or 
two of the time you wish to use them. 

You will find that it is very difficult to 
shell the green beans. To shell them, cover 
the pods with boiling water and then allow 
them to stand for five minutes. Drain off 
the hot water, break the pods and squeeze 
out the beans. 

The green shelled soybeans may be 
boiled or steamed until tender and served 
like peas or lima beans. 

As the beans mature, the moisture con- 
tent will drop from 65% to 70% to 
1094 to 15°%. The seed crop reaches matur- 
ity when all the leaves are yellow and half 
of them have fallen from the plant. 


Experiment 10. Pick off the mature 
pods, open them and harvest your home- 
grown crop. As you do this note the point 
of attachment of the seeds. Do you recog- 
nize the hilum? How many seeds in each 
pod? 

The dried beans may be boiled and 


baked like other beans, roasted or used 


13 


to make bean sprouts. 


Experiment 11. To grow bean sprouts, 
clean one or two tablespoons of the ma- 
ture seeds you harvested and wash them, 
discarding any imperfect ones. Place them 
in a large jar such as a quart mayonnaise 
jar. Fill the jar with warm water and 
allow the beans to stand in it for several 
hours until they become swollen. 


Pour off the water and then wash the 
beans again, discarding the rinse water. 
Place a piece of cheese cloth over the 
mouth of the jar and tie it on securely. 
Then place the jar upside down in a 
shallow pan or dish at a slight angle so 
that the excess water will drain off. Store 
the jar in a dark, cool (not cold) area. 


Once every four hours, carefully wash 
the beans thoroughly under the tap. This 
is very important. Any mold or bacteria 
that may be present must be washed away 
in order to prevent the sprouting beans 
from spoiling. After each washing, replace 
the inverted jar in its storage place at a 
slight angle. 


In about five or six days, you will have 
a crop of soybean sprouts. Be sure to re- 
move them from the jar before any rootlets 
or leaves appear. Remove the hulls or 
seedcoats leaving the cotyledons attached. 
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They may be eaten raw or cooked. 


Soybean sprouts are rich in proteins, es- 
pecially in the cotyledons, and rich in 
Vitamin C, 

Experiment 12. You may wish to roast 
some of your beans. 

Soak them overnight in water and then 
boil them for about an hour in salted 
water. Drain the beans and spread them 
out in a shallow pan. Roast them at 350° 
for about 30 minutes or until they are 
crisp and slightly brown. Salt them 
immediately. 


NUTRITIVE VALUE 


Carbohydrates and fats, composed of 
carbon, hydrogen and oxygen, supply the 
energy the body needs for its activities. But 
for the repair and building of the tissues 
for these activities proteins are necessary. 
Proteins are large complex nitrogen-con- 
taining molecules made up of hundreds of 
simpler units called amino acids. There 
are 20 or more amino acids that the body 
must have for proper functioning. Some 
of these can be synthesized within the 
body, but others must be obtained through 
our foods. 

The amino acids that must be provided 
by the food we eat are called essential 


ile; 


amino acids, and the quality of a protein, 
whether from animal or plant source, de- 
pends upon how much and how many 
of these it can supply. If it can supply all, 
it is a complete protein. If it is deficient in 
one or more, it is an incomplete protein. 


Animal proteins, such as meat, eggs 
and milk, contain all the essential amino 
acids for adult humans—isoleucine, leu- 
cine, lysine, methionine, phenylalanine, 
threonine, trytophan and _ valine—and 
therefore are complete proteins. Proteins 
from plant sources, such as soybeans and 
other legumes, are incomplete, lacking or 
low in one of more of these amino acids. 


Among the legumes, the soybean, how- 
ever, is recognized for its high protein 
content. Soybean protein, glycinin, closely 
resembles that of animal protein, being 
deficient only in methionine. For this 
reason it is considered a very useful pro- 
tein food and may be used in place of a 
meat protein or as a meat analog and pro- 
tein supplement. Weight for weight the 
protein content of soybeans is greater than 
that of meat, eggs, milk, wheat and all 
other grains and legumes. 


Soybeans are rich, not only in proteins, 
but also in vitamins and minerals. 


The nutritional importance of soybeans 
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has long been recognized and the United 
States is now the world’s largest producer 
of soybeans. 


Soybeans are processed for two primary 
raw products—soybean oil and soybean 
meal. 


The harvested beans are shipped to the 
processors where they are cleaned and 
then cracked, hulled and flaked. The 
flakes are then placed in an extraction 
tower where nearly 999% of their oil is 
removed with a solvent. This is known as 
the solvent extraction process and is the 
most widely used method. 


From each 60-pound bushel of soybeans 
about 47 pounds of high-protein meal is 
obtained and 11 pounds of edible oil. 


Almost all of the crude oil is processed 
for human consumption in such products 
as vegetable cooking oil, margarine, short- 
ening and salad oil. The balance of the oil 
is used in industrial products such as 
paints, waterproof cements, soaps, greases 
and lubricants. 


The flakes, after the oil has been ex- 
tracted, are toasted and ground into com- 
mercial soybean meal. Most of the meal is 
used for livestock and poultry feed and 
the rest for soy protein products by food 
manufacturers. 
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Five distinct families of commercial 
edible soy protein have emerged during 
the past 50 years. 

The three specimens in your unit are 
typical examples of soy protein products. 


SOY FLOUR 


Soy flour, flakes and grits are the oldest 
of the soy protein products. They are the 
screened, graded substances obtained after 
most of the oil has been expelled or 
extracted from the whole beans, except for 
full-fat soy flour which contains all the oil 
present in the whole beans. 

Soy flour is processed by finely grinding 
soy flakes and is basically 50°% protein. 

There are several types of edible soy 
flours. 

Full-fat soy flour contains all of the 
natural oil of the soybean, roughly 20%. 
This flour has a high caloric content and 
a protein content of approximately 40%. 

Low-fat soy flour contains up to 6% 
fat and about 49°%% to 50°% protein. 

Defatted soy flour contains less than 
1° fat and typically 519% to 529% protein. 
With today’s trend toward low-fat and 
high protein foods, defatted soy flour is 
gaining rapidly in popularity. 

Experiment 13. Examine the soy flour 
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and note its fine texture. The soy flour 
in your unit is defatted soy flour and is 
called Mellasoy. 


Take a teaspoon of the soy flour and 
place it in a small pan. Add about two 
tablespoons of water and stir the mixture 
until the flour is completely dispersed. 
Warm it gradually while stirring. Does 
it become thickened? Repeat the experi- 
ment with wheat flour. Compare your 
results. 


Soy flour contains little starch, therefore, 
it is not suitable for use as a thickener in 
gravies, stews or other foods. 


Because of its low carbohydrate content, 
soybeans are especially valuable to those 
who must limit the starch in their diets. 


Experiment 14. Taste the soy flour. 
Notice its bland taste. Smell it. Since it is 
almost tasteless and its odor is mild, soy 
flour can readily be mixed with other 
foods without changing their flavors. 


The present largest use of soy flour is 
in baked goods. Bakers take advantage 
of certain chemical and physical properties 
to improve dough-handling characteristics, 
and especially to lengthen shelf life. The 
most important contribution of soy flour 
to baked goods is the improvement in 
nutritive value because of its relatively 
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high lysine and valine content. 


The second largest usage of soy flour is 
in the processed meat industry where it 
functions not only as a conditioner but 
also as a retainer of both fat and moisture. 
These properties allow the meat processor 
to alter the physical and textural properties 
of the meat to fit market needs. 


Another large use of soy flour is in baby 
foods and high-protein cereal products. Soy 
flour is also used in milk products for 
feeding infants and others allergic to cow’s 
milk and in most pet food products. 


Experiment 15. Soy flour, although 
it is usually considered a flour like wheat 
flour, contains only a small amount of 
starch and no gluten. Therefore, it will 
not rise and cannot be used alone as a flour 
for baking. However, up to 3°% soy flour 
may be substituted for wheat flour in a 
recipe without making changes in the 
quantities of the other ingredients. 


Substitute some of the remaining soy 
flour for an equal amount of wheat flour 
the next time you bake bread or cookies 
and you will have a product with increased 
nutritive value. Is there any change in 
flavor? 
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SOY CONCENTRATE 


Experiment 16. Examine your speci- 
men of soy protein concentrate observing 
its granular nature. Smell it and taste it. 


Now take a half teaspoon of the protein 
concentrate and place it in a shallow 
baking cup or dish. Pour in 144 teaspoons 
of water and stir for five minutes. What 
happens to it? Does it dissolve? Taste it 
again. Does it taste like soy flour? 


Soy protein concentrates, produced from 
defatted soy flakes, contain a minimum of 
70°% protein on a moisture-free basis. Intro- 
duced in 1960, soy protein concentrates 
found an immediate use as binders and 
conditioners in meat patties, sausage, and 
cereals because of their superior ability to 
bind fats and water with improved func- 
tional and flavor characteristics as com- 
pared with soy flour. 


There are three different methods by 
which protein concentrates are made com- 
mercially. The protein is immobilized and 
a portion of the soluble sugars, minerals, 
etc. are removed. The resulting product is 
made in a variety of particle sizes, and is 
cream-yellow or light tan in color. It is 
fat-free, has a clean bland flavor, and 
possesses excellent keeping qualities. 


The use of soy protein concentrate by 
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meat processors helps to increase product 
yields, reduces costs and there is less cook- 
ing shrinkage. 

Protein concentrates are also used in 
baked goods, infant and junior foods, as 
well as in dietary, geriatric, and hypoaller- 
genic foods. They are also used in calf- 
milk replacer formulas. 


Experiment 17. Soak the remaining 
protein concentrate in water. Put enough 
water in the container to saturate the con- 
centrate and then let it stand for 15 min- 
utes. Now pour off the excess water. Add 
the wet protein to % pound of ground 
meat and make a beef patty. Make another 
beef patty of the same size using ground 
meat only. Cook both and taste each. 
Compare their flavor. Can you tell that 
additional protein was added to one of the 
patties? 


TEXTURED PROTEIN 


Experiment 18. Note the flakes in your 
third specimen. It is called Texgran. Taste 
one. Now take a half teaspoon of the 
flakes and place them in 1% teaspoons of 
water and let stand for five minutes. 


Taste it. How does its taste compare 
with the other two products? Do the flakes 
retain their shape? Do they remain chewy? 
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Notice how much water they absorb. 

Textured soy protein retains its shape 
and chewable texture when soaked in 
water and rehydrated. It is made by a 
special extrusion type processing of soy 
flour to give a high-protein material that 
can be produced in a variety of colors and 
flavors. 

Textured protein can be produced to 
resemble meat, both in appearance and eat- 
ing characteristics. It can also be used to 
simulate other foods, including nutmeats, 
coconut chips and fruit bits. It may be 
manufactured in “chunks” or “bits” of 
various sizes, ranging from the consistency 
of fine grits to 4 to %4 inch in diameter. 


Experiment 19. When you next make 
some chili or a casserole, soak the remain- 
ing textured protein in water and allow 
it to stand 15 minutes. Then pour off the 
excess water. Add the protein to the chili 
or casserole. Do you notice a difference in 
texture and thickness? 

Textured vegetable protein has proper- 
ties that make it adaptable to a wide 
variety of products and uses. The protein 
and fat content can be controlled and 
there is no shrinkage or waste. Flavor, 
texture and shape can be built in as 
desired. Supplemental nutrients can be 
added to increase its food value. 
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SPUN PROTEIN 


Spun soy proteins are another soy prod- 
uct that can be used to simulate many 
existing foods, including slices of bacon 


and beef. 


To manufacture spun protein, defatted 
flakes or flour are extracted and purified 
to an isolate. This pure protein is dipersed 
in alkali and then precipitated and spun 
into monofilament fibers. These fibers are 
combined with such other ingredients as 
wheat gluten, egg albumen, vegetable or 
animal fats, flavors and colors, and are 
formed into simulated meat items. 


Foods made from spun proteins have no 
bones, skin or excess fat and there is no 
waste or shrinkage. 


The simulated meats made from spun 
soy proteins are useful especially to those 
who abstain from eating meat and to some 
hospitals and institutions. 


THE ISOLATES 


Isolated soy protein, also prepared from 
defatted soy flakes, first became available 
for food uses in 1957 or 1958. It is a 
practically pure protein (90° to 98°% on 
a moisture-free basis), a fine, creamy white 
powder with a bland flavor and pleasing 
aroma. 
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In making soy isolates the major frac- 
tion of the soybean is obtained from the 
flakes by removing nearly all the non- 
protein components. 

Isolates have found a place in sausage 
and canned meats as binding agents be- 
cause of their moisture-holding and fat- 
dispersing qualities—particularly in prod- 
ucts that are subject to the stress of high- 
temperature, high-speed processing. 

A newer food field where the isolates 
are finding increased use is the so-called 
dairy-type products such as coffee whit- 
eners, whipped toppings, and _ frozen 
desserts . . . and eventually cheese-like 
spreads and dips. Here the isolate func- 
tions in a triple role as whipping agent, 
emulsifier and stabilizer. 

The isolates are also used as drying aids 
for meat in convenience foods. Other food 
industries working with the isolates include 
confectionery, milling and beverage. 

There are several products on the market 
in which the meat is combined with the 
isolated soy protein and dehydrated. These 
products do not require refrigeration and 
the meat is rehydrated with water to 
renew its shape and chewable texture. 
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Experiment 20. The edible products 
mentioned above are but a few of the 
many and diverse products made from 
soybeans. 

Look at the enclosed chart that outlines 
the main uses of soybeans. Look around 
you and see which products you can 
identify as containing either soybean oil 
or protein. 

Research on the soybean is still contin- 
uing and its use as a nutritious food is 
becoming more and more widespread. 
Many books and research papers have 
been published on the subject and refer- 
ences should be available in most libraries 
if you wish to study the subject further. 

Appreciation is expressed to the Swift 
Chemical Company for their cooperation 
in producing this unit. 
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Process Meats 
Cereals 
Prepared Mixes 
Food Drinks 
Baby Foods 
Confections 
Diet Foods 


Industrial 


Adhesive 
Nutrient 





Process Meats 
Cereals 
Prepared Mixes 
Baby Foods 
Confections 
Diet Foods 
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Process Meats 
Confections 
Cereals 

Food Drinks 
Diet Foods 


Dry Soup Mixes 
Baby Foods 
Canned Meats 
Snacks 
Diet Foods 


Dry Soup Mixes 
Baby Foods 
Confections 
Canned Meats 
Snacks 
Diet Foods 









Industrial 


Paper Coating 
Insulating 
Fire Retardent 
Foan 














Textile Sizing OIL PRODUCTS 
REFINED OIL LECITHIN 
Edible Uses Edible Uses Industrial 
Cooking Oil Emulsifier| |Anti Foam Agent 
Margarine Nutrient Dispersing Agent 


Salad Dressing 


Wetting Agent 
Veg Shortening 


